PATENT ABSTRACTS OF JAPAN 



(1 1 )Publication number : 07-1 91 209 

(43)Date of publication of application : 28.07.1995 



(51)Int.CI. 




G02B 5/18 






G02B 3/00 


(21)Application number : 


05-330105 


(71)Applicant : FUJITSU LTD 


(22)Date of filing : 


27.12.1993 


(72)Inventor : MIURA MICHIO 




(54) PRODUCTION OF MIGROOPTICAL ELEMENT 

(57)Abstract: 

PURPOSE: To decrease the number of production stages and to produce 
microoptical elements with good reproducibility by subjecting a resist layer 
to multiple exposing through masks used thereon to form the prototype of 
the microoptical elements and transferring this prototype onto a substrate 
by etching. 

CONSTITUTION: A light shielding film 2 is formed on the substrate 1 and 
markers 3 for multiple exposing are formed by removing a part of this light 
shielding film 3. Next, the resist layer 4 is formed on the light shielding film 2 
and the plural masks are aligned via the markers 3 for multiple exposing to 
the substrate 1 and the resist layer is subjected to multiple exposing by 
successively changing exposures. The resist layer is thereafter developed to 
form the prototype 6 of the microoptical element approximated by a 
staircase shape. The prototype 6 of the microoptical element is transferred 
onto the substrate 1 by executing etching. The etching is executed 
preferably by ion beam etching method or or reactive ion etching method. 
As a result, the prototype 6 of the microoptical element consisting of the 

resist layer 4 is transferred onto the substrate 1 and the microoptical element 7 approximated by the 
shape are formed by one time of the etching stage. 




staircase 
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CLAIMS 



[Claim(s)] 

[Claim 1] Negatives are developed, after forming a resist layer (4) on a substrate (1), changing light 
exposure one by one using two or more masks (5aand5b) and making multiplex exposure. The 
manufacture approach of the microoptics component characterized by forming the pattern (6) of the 
microoptics component approximated with the stairway configuration, etching, and imprinting the pattern 
(6) of said microoptics component to said substrate (1). 

[Claim 2] The approach of said etching is the manufacture approach of the microoptics component 
according to claim 1 characterized by being the ion-beam-etching method or the reactive-ion-etching 
method. 

[Claim 3] The resist used for formation of said resist layer (4) is the manufacture approach of the 
microoptics component according to claim 1 or 2 characterized by the relation between the exposure 
time and the residual resist thickness after exposure / development having straight-line relation in a 
field in part at least. 

[Claim 4] A microoptics component is the manufacture approach of claims 1 and 2 characterized by 
making it decrease in a field, or the microoptics component three publications a part about the number 
of stages of the stairway of the pattern (6) of said microoptics component. 

[Claim 5] The manufacture approach of claims 1 , 2, and 3 characterized by heating the pattern (6) of 
said microoptics component, making a stairway configuration gently-sloping in advance of said etching 
process, and bringing close to a theoretical configuration, or the microoptics component four 
publications. 

[Claim 6] The manufacture approach of the microoptics component characterized by forming a mold 
using the microoptics component manufactured using the manufacture approach of a microoptics 
component according to claim 1, and reproducing a microoptics component using this mold. 
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[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the manufacture approach of nnicrooptics components, 
such as a diffraction grating and a micro lens, broadly used in the field of an indicating equipment, or a 
communication link and the device for computers. 
[0002] 

[Description of the Prior Art] The approach of performing ion exchange treatment selectively and 
forming refractive-index distribution on plastics or a glass substrate, as a conventional technique of 
manufacturing a micro lens or a micro-lens array, is learned. This approach forms refractive-index 
distribution using the difference of the rate of electronic polarization which ion has. 
[0003] Moreover, the resist layer of a lens configuration is formed on a substrate, and the approach of 
imprinting the lens configuration of this resist on a substrate front face using the ion-beam-etching 
method is learned. This approach carries out patterning of the resist layer formed on the substrate 
circularly, applies heat to this, is made to deform into a spherical-surface configuration with the surface 
tension of a resist, and imprints this spherical-surface configuration on a substrate front face by etching. 
[0004] In addition, an electron-beam-resist layer is formed on a substrate, after scanning an electron 
ray, changing light exposure corresponding to the configuration of a microoptics component, negatives 
are developed, and the pattern of the microoptics component which consists of an electron beam resist 
is formed, and the approach of imprinting this pattern to a lower layer substrate by etching is learned. 
[0005] The conventional example explained below is known as the manufacture approach of the so- 
called binary optics component of making a microoptics component approximating in a stairway 
configuration, and manufacturing it. A photoresist layer 12 is formed on a substrate 1 1, and it exposes 
using 1st mask 13a (refer to drawing 9 (a)). After making development and BEKU processing, forming the 
resist mask 14 on a substrate 1 1 (refer to drawing 9 (b)) and performing etching processing (refer to 
drawing 9 R> 9 (c)), the resist mask 14 is removed (refer to drawing 10 R> 0 (a)). After forming the 
resist layer 15 again and exposing using 2nd mask 13b (refer to drawing 10 (b)), development and BEKU 
processing are made and the resist mask 16 is formed (refer to drawing 10 (c)). After performing etching 
processing (refer to drawing 1 1 (a)), the microoptics component 17 which removed the resist mask 16 
and was approximated with the stairway configuration is formed (refer to drawing 1 1 (b)). What is 
necessary is just to make the count of a repeat of the above-mentioned process increase, in order to 
raise approximation level. In addition, it replaces with the above-mentioned approach of repeating 
etching two or more times, and there is also the approach of changing deposition thickness to a stairway 
configuration and forming a microoptics component by repeating a lift off two or more times. 
[0006] 

[Problem(s) to be Solved by the Invention] Since an ionic diffusion process is required for the approach 
of performing ion exchange treatment and the heat treatment process is required for the approach of 
heating a resist and forming in a spherical-surface configuration, all have a problem in repeatability, 
moreover, the above — there is a fault that it is circularly difficult to form the optical element of 
configurations other than a globular form also in which approach. 

[0007] Scanning an electron ray changing light exposure, exposure and the approach of developing have 
a fault of ****** in time amount in electron beam lithography. 

[0008] Moreover, it needs to raise the repeatability between the batches of etching or a lift off while it 
has the fault that a routing counter increases, since the manufacture approach of the conventional 
binary optics component must repeat etching or a lift-off process repeatedly and must carry it out. 
[0009] The object of this invention is to cancel these faults, and there are few production processes 
and it is to offer the approach of manufacturing a microoptics component with sufficient repeatability by 
low cost. 
[0010] 

[Means for Solving the Problem] The above-mentioned object forms a resist layer (4) on a substrate (1), 
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and the pattern (6) of the microoptics component which developed negatives after changing light 
exposure one by one using two or more masks (5aand5b) and making multiplex exposure, and was 
approximated with the stairway configuration is formed. Subsequently, it is attained by the manufacture 
approach of the microoptics component which etches and imprints the pattern (6) of the aforementioned 
microoptics component to the aforementioned substrate (1). 

[001 1] In addition, as for the resist used preferably [ the ion-beam-etching method or the reactiveHon- 
etching method ] for formation of the aforementioned resist layer (4) by the approach of the 
aforementioned etching, it is desirable that the relation between the exposure time and the residual 
resist thickness after exposure / development has straight-line relation in a field in part at least, a case 
— the number of stages of the stairway of the pattern (6) of the aforementioned microoptics 
component — a part of microoptics component — when it is made to decrease in a field, it is good to 
heat the pattern (6) of the aforementioned microoptics component, to make a stairway configuration 
gently-sloping in advance of the aforementioned etching process, and to bring close, to a theoretical 
configuration well. In addition, a mold can be formed using the microoptics component manufactured 
using the manufacture approach of this microoptics component, and a microoptics component can be 
reproduced using this mold. 
[0012] 

[Function] As shown in drawing 2 (a), the light-shielding film 2 which consists of titanium, chromium, etc. 
is formed on the substrates 1 . such as a diacid-ized silicon wafer, this light-shielding film 2 is removed 
from 1 section field, and as shown in drawing 2 R> 2 (b). the marker 3 for multiplex exposure is formed. 
As shown in drawing 2 (c), after forming and prebaking the positive-resist layer 4 on a light-shielding film 
2, as shown in drawing 3 (a), through the marker 3 for multiplex exposure, alignment of the 1st mask 5a 
is carried out to a substrate 1 , and it is exposed. Next, subsequently As shown in drawing 3 (b). 
alignment of the 2nd mask 5b is carried out to a substrate 1 through the marker 3 for multiplex 
exposure, and it exposes with one half [ with a light exposure / 1st ] of light exposure. In addition, both 
1st mask 5a and 2nd mask 5b are making the symmetry-of-revolution form, and the sectional view of 
the masks 5a and 5b shown in drawing 3 (a) and (b) is a sectional view cut in the cutting plane which 
passes along a symmetry axis of rotation inversion. 

[0013] Next, if postbake of the development is performed and carried out, the lens pattern 6 which has a 
stairway configuration as the cross section cut in the cutting plane which passes along a symmetry axis 
of rotation inversion by the symmetry-of-revolution form shows to drawing 1 (a) will be formed. If 
reactive-ion-etching processing is performed to the diacid-ized silicon substrate 1 in which the lens 
pattern 6 which consists of this resist layer was formed, as shown in drawing 1 (b), the lens pattern 6 
which consists of a resist layer will be imprinted by the diacid-ized silicon substrate 1, and Fresnel lens 
7 approximated with the stairway configuration will be formed with 1 time of an etching process. In 
addition, since it is necessary to imprint the lens pattern 6 which suppresses side etching and consists 
of a resist layer to a substrate 1, as the etching approach, wet etching is unsuitable and ion beam 
etching or reactive ion etching is suitable for it. 

[0014] as the remaining-rate-of-membrane curve which shows the relation between the exposure time 
of a positive resist and the residual resist thickness after development shows drawing 4 . in being 
nonlinear. to which the gap between the theoretical configuration of a lens and the stair-like 
approximation configuration formed after a development becomes large is also boiled, especially, in the 
field of the skirt of the high order zona orbicularis, a stairway configuration becomes detailed, and 
manufacture becomes difficult. In order to solve this problem, as shown in drawing 5 . a remaining-rate- 
of-membrane curve should Just use a linear resist. In this case, the gap between a theoretical 
configuration and an approximation configuration becomes small, and the stairway configuration of the 
field of the skirt of the zona orbicularis does not become detailed, but etching processing is attained to 
the high order zona orbicularis. 
[0015] 
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[Example] Hereafter, with reference to a drawing, the manufacture approach of the microoptics 
component concerning four examples of this invention is explained. 

[0016] the 1st example drawing 2 re-reference diacid-ized silicon wafer substrate 1 top — for example, 
the titanium film 2 — forming — this — patterning — carrying out — the marker 3 for multiplex 
exposure — forming — subsequently — a positive resist, for example, Tokyo, — OFPR-800 made from 
adaptation are applied to 2.0-micrometer thickness, and the resist layer 4 is formed. 
[0017] Since each mask used for the drawing 6 reference Fresnel lens and its manufacture is a 
symmetry~of-revolution form, the sectional view of the mask shown in drawing 6 and a lens pattern 
shows the right half of the cross section which cut the mask and the lens pattern in the cutting plane 
which passes along a symmetry axis of rotation inversion. 

[0018] Moreover, the resist configuration acquired with two or more masks and those combination in 
this drawing is shown, and please refer to drawing 2 and drawing 3 simultaneously about a fundamental 
process. 

[0019] Carry out alignment of the 1st mask shown in drawing 6 (a) produced from the design value of a 
lens to a substrate 1 through the marker 3 for multiplex exposure, and it is exposed between 260 mses. 
Next, if carry out alignment of the 2nd mask shown in drawing 6 (b) to a substrate 1 similarly, expose 
between 130 mses, alignment of the 3rd mask subsequently to drawing 6 (c) shown is similarly carried 
out to a substrate 1 , it exposes between 65 mses and negatives are developed The pattern of the 
Fresnel lens which has a stair-like approximation configuration as shown in drawing 6 (d) is formed. 
[0020] By carrying out reactive ion etching which uses the mixed gas of carbon tetrafluoride gas and 
oxygen gas, the Fresnel lens pattern which consists of a resist of the configuration shown in drawing 6 
(d) is imprinted by the diacid-ized silicon substrate 1 , and a Fresnel lens is formed. In addition, it the 
titanium film 2 is not only used for formation of the marker 3 for multiplex exposure, but is used for the 
object which checks the terminal point of reactive ion etching easily. Moreover, it may replace with the 
reactive-ion-etching method, and the ion-beam-etching method may be used. 

[0021] In this example, although eight steps of stairway configurations are formed with three kinds of 
masks, it realizes by changing the combination of the exposure section and the non-exposed area in 
each mask, and the light exposure in each mask, and this can enable sharp reduction of a routing 
counter by carrying out like this. 

[0022] In the zona orbicularis of the 2nd example drawing 7 reference high order, a stairway 
configuration may become detailed, and manufacture may become difficult. In this case, what is 
necessary is just to lessen the number of stages of the stairway of the high order zona orbicularis as 
[ show / in drawing 7 ]. drawing 7 — setting — a part of 4th zona orbicularis — the number of stairways 
is lessened in a field and all the fields of the 5th zona orbicularis. 

[0023] Etching is performed, after forming the 3rd example drawing 8 (a) (b) reference resist layer 4 in a 
stairway configuration, heating and making a stairway configuration gently-sloping. The temperature of 
150 degrees C shows the resist configuration when heating for 20 minutes to drawing 8 (a) with a 
continuous line. By this approach, a lens configuration can be brought more close to a theoretical 
configuration. 

[0024] Although it is illustrated so that a stair-like approximation configuration may be formed inside the 
curve which shows a theoretical configuration in the example shown in above-mentioned drawing 5 - 
drawing 7 at this time, the effectiveness by heating can be further raised by forming an approximation 
configuration beforehand so that the curve of a theoretical configuration may pass along between the 
heights of a stairway configuration, and crevices, as shown in drawing 8 (b). 

[0025] A mold is produced as original recording using the Fresnel lens which consists of diacid-ized 
silicon manufactured by the approach of the 4th example above, and a Fresnel lens is reproduced to a 
large quantity by the ************ing method using ingredients, such as PMMA. 
[0026] 

[Effect of the Invention] In the manufacture approach of the microoptics component which starts this 
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invention as explained above Since use two or nnore masks, the pattern of the binary optics component 
which consists of a resist by changing light exposure one by one and carrying out multiplex exposure is 
produced, this pattern is imprinted to a substrate by etching and the microoptics component is formed 
an etching process is 1 time, ends, and also boils **** to which a throughput becomes large, and its 

repeatability of component manufacture also improves. 
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[Brief Description of the Drawings] 

[Drawing 1] It is the principle explanatory view of this invention. 
[Drawing 2] It is the principle explanatory view of this invention. 
[Drawing 3] It is the principle explanatory view of this invention. 

[Drawing 4] It is drawing showing the lens configuration formed when a remaining-rate-of-membrane 
curve is nonlinear. 

[Drawing 5] It is drawing showing the lens configuration formed when a remaining-rate~of-membrane 
curve is linearity. 

[Drawing 6] It is a Fresnel lens production process explanatory view concerning this invention. 
[Drawing 7] It is the sectional view of the Fresnel lens which reduced the number of stairways in the 
high order zona orbicularis. 

[Drawing 8] (a) is the approach of bringing close to a theoretical configuration with heating, and (b) is a 
theoretical curve. 

[Drawing 9] It is the production process explanatory view of the microoptics component concerning the 
conventional technique. 

[Drawing 10] It is the production process explanatory view of the microoptics component concerning the 
conventional technique. 

[Drawing 11] It is the production process explanatory view of the microoptics component concerning the 
conventional technique. 
[Description of Notations] 

1 Substrate 

2 Light-shielding Film 

3 Marker for Multiplex Exposure 

4 Resist Layer 
5a The 1st mask 
5b The 2nd mask 

6 Lens Pattern 

7 Fresnel Lens 
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1 1 Substrate 

1 2-1 5 Resist layer 

1 3a The 1 st mask 

13b The 2nd mask 

14-16 Resist mask 

17 Microoptics Component 



[Translation done.] 



BEST AVAILABLE COPV 



mB^mnmsf (jp) <i2) ^ ^ ^ ^ (a) iummmwj^ims^ 

#^^7- 191209 



(51)Inta.' 




F I 




G 0 2 B 5/18 








3/00 


A 












6 OL 7 M) 




4$IS75 -330105 


(71)IH®A 


000005223 










(22)dlHB 


JPJSS 5 ¥(1993) 12^275 












Hit isa 








«^^^;||!&Jll«r|^«^'ISK±/^ffll^'lol5#«I 














(74)f^A 


^m± mm »- 



(54) WLfy^m^m'^o^m^m 



(57) [gijs^] 

Xi7 5 a • 5 bS:«efflLT)li;*:®7ta$r^ft$-&T#a 




4#i3¥7-19l209 



[W^JSl] »S (1) ±{C^v7.hH (4) 

mwL(o-^x^ (5 a • 5 b) ^mmi^TM-Am^m^^ 

^m-^nrzm^^^m^(Dmm (6) ^m^i.. 
:suv=fy^^ts.i.xm^&m'-%^m^(r>m.m. (6) srw 
less (1) ('e^-r«)c:i*^#®t-r-5«S/h5t^^^^^ 

5^ > i^S S « u 7 ^ 5" ^ ::^'f ^ > X 5^ > y ST * 

[i«*JS3i HuKi^v'xhB (4) (Dmmzmm^n 

[It*«4] H9l2^a/h^t^^^^©Ig^ (6) opga© 

2, 3, mtzit, 4mm<om'\^^^m^(Dmm:^m. 

[0 0 0 1] 

-5 iHitff v-f ^ D u >x^o^/h^^^^^©siig:i^ 

[0 0 0 2] 

[0 0 0 3] &i&±izuyxm^<DUi^xhm^ 

m^L. -f *>t*-AX>:/g^>ifj4*ffifflbT»«*ffi 

tC CCD Pvt. h(Dl/>XJgtt^e^T^*ji*^*»?>nT 



(2) 

[0 0 0 4] ^(Dffi. S«±tC«^|g 1/5^7. hH^Jgfig 

[0 0 0 5] ^/hTt^S^^PggJ^^^TjfilM^-B-TSlifi 

tt. J^i,T{cSiH^TSt^*«3J*^»l?.tiTi.^^o S«i 1± 
hUv'T.h^l 2^JgB£U, ^1(0^7.^71 3a 
10 LTS7¥:-r-5 (S9 (a) #Bg) , S« • ^-^7 

jaaSr^UT, S«l l±Jc:^>»Xhv;^i7 1 4^JKfi!c 

L (0 9 (b) #83) , j^y^y^mm^mLfz'^ m 
9 (c) mm) . uv'x hvx^ 1 4 ^^sf -5 (lai 

0 (a) mm) . St/Ui^XhJil 5^J^figL. 112® 

■TT^i^ 1 sh^mmLxm^i'tzm mio (b) # 

BS) . • ^-'i'^mitiLXl'i>7. hVT.^ 16^ 

mi^r^ mi o (c) #Bg) . x.y^>i^mm^mL' 

fz'^ mil (a) #fig) > UvXhVXi? 1 6^1^* 
20 fiKTS (HI 1 (b) #Hg) . T5.^1\^^)V^-m^^fztb 
^*5. x>y5^>i^$1sm(iIi^0jiT±tB®;J»trft 

^T. ^)'7V:^-y^^wmmK)^Mtz.t\z^'Dxmm.m 
m.^mwimmzmt^'&xm'h^^mi-^m^r^ifsm 

[0 0 0 6] 

[5!Bj;!)^*<»*bcfc3<!:-r-5iiii] -t y^iik^m^mrr 

30 ^tzib. ^^im%nmmzmmi)^$>^, ^tz. ±m\>^-r 

n(D:^m\zi5\,^xhP]m^rz\mmui^<Dm^o)^^m 
"T-^m^T^zt^mmxsb^ti^^oiK.^^^sb^. 
[0 0 0 7] m^^^m^m^^it-^'^u-^^^^&vx 

[0 0 0 8] ±rz. 'lit^koyJU^^J^Zfy'^ yi'T.m'f- 
fcgl il Lfj:ttntf7tc e.fj:ti®T, XgS*^^ < 

rihtf^^oiK,^^^$>^tthiz. Jiy^y^-^^J y 
40 y(Dj'\y^f^<Dnm\t^Mtb^z.ti)^ii:^WX'$>^, 

[0 0 0 9] *%I^©SW«, ^n^®^.^€:«??8-rS 

[0 0 10] 

(1) ±jc^v'xhH (4) ^mmi.. m^(D^x^ 
(5 a • 5 b) ^mmLxm-Am^m^mt^i^x^m 

n^^r^vrz'^miMtvx^mm^^h-oXj&M-^nrzm. 

'bytmm'f-mmm (6) ^m^\y. -a^^x. x-y5^>i^ 

50 «-/j:LTWBB©?S/h:Jt^^^©II^ (6) $«ftf3®S« 



!KPB¥7-191209 



3 

to 0 1 1 ] ^t43. B9tB<DXy^>d/<0^fem':i->t* 

ffi*W^b<, ^fc. MtB(7)Uv7>hH (4) ©J^fiKIC 

Ol?![/jN^=^*T<73M^ (6) <Dmm.<Df^^^'0.'hft^m 
(6) ?&JP^LTPi©J^4^^/j;fc*e,;5McLTSiSi}^4^lc 

^. 

[0012] 

Wffl] S2 (a) tc^-r«t^tc, x^^b->U::>'^x 
-Across l±tC^^>, i^D-A#A^e>^-5j!g3tl^ 
2<£:fl^BKb, lg|5®i|K^^e.;i©iS7t^2^»*LT. 0 
2 (b) tC^-rj:5('^a®?tfflT-:*3 3S:}^J5K-r^. 

0 2 (c) \z7P.t^o\z. m%m.2 ±.\zifsi>mv 

5?XM4$rJgfiS;LTyj'^-i7Lfc^S. 0 3 (a) \Z 

:fM^TS1Sl{C^«^t5-frbTS7tb, ^^l/^T, 13 3 
(b) (C^-r-tatC, ^2®-7Xi7 5 b<&^|I^Jtffl-7 

7^:1:0 l/2©S7t»^fe-s.T^7t-r^. ^1© 
-77>i' 5 ai:||2®-77.i7 5 b «it)(::[ElK*^*5;JI^^;5: 
LT:feO, 03 (a) (b) frS^fvxi? 5 a, 5b® 
WBSti, lEie*fli;«l$r3i«.«)ISfiST«»rL/t»f®0T 

[0 0 13] S^MS^iSLT^T. V^-C>t^ 

m 6 tm^^tifz-mit'^ 'j :3 >as nzur^y^^zf 

^:^y:x.y^yifViM^m.t}i. 01 (b) fc^-r±5 

\Z. l/v7> hBJ;07i^l/>XMi!J6:^)^x^{t>'U=i> 

>x 7 *n nirox -7 5" > i^ie s t) o T jgjES$ n 
^i/>XM3«6^»ffii ice^-r^£-g*^'s-5feje>, x 

•5, -f :4->k'-AX-y5^>^*;t«>J7^5^-<':/-f :t> 
x>7 5^>yA^iS^T*§o 
[0 0 14] ^v'^l/v'X KD®^B#PBli:S^«CO^@ 



(3) 

^<fi^t^^\z. mzM-A(D^^<D^<7:)^m\z^^^x 

^WLmmmm\ztiKi. m^t,mm\zis.^. ^KDf^m^ 
f$.(Dmwimmtm&\zti<b'f. mi'A<Dm^^-(::s^v^y 

[0 0 15] 

[0 0 16] mgii 

-mit-> u =1 >":7x-A*« 1 ±tc« {ajAtf^iS? >^ 2 

OFPR-8 0 05:2. 0 MmPt'^^U LTWvX 
[0017] 06 #B?, 

y i'^)vu>XRz^^(Dmmizmm^n^-7::^^m^-r 
20 nfe[iieMf5;PT^-5<oT% 0 6 t^-r-7x^RtNV> 

[0 0 18] ^^c. i^0»c*3iiT«iiia©-7;?.i/a:-?-n 

•3. »2t:WXSlCOtiTli. 0 2*3d;lX0 3^|S|B#{C:# 

[0 0 19] u>x<Dmnim^<oi^^Lrzm6 (a) (r 
iC'a«^t)-&L.T2 6 0 5 U#ra^^b. :;^:ic0 6 

30 (b) »C*-ril2©VXi7S:[^«ICX«l (rffig^t^-ia- 
bT 1 3 0 5 'J#rBlS3teL. i>:i.^T-06 (c) iz^rm 

3(D-7x^^mmizmmnzitm^t)ii:vx6 ssuf^-- 
mm^vxm.mr^t. me (d) ics^Tck^iciig©t>t 

[0 0 2 0] my yitmm:»xtmmiJxt<Dm'^i}x 

^mm-r^v.Ti7T-^ •y-(^y:i:y^yif^^m-r^z. 

tHioT, 06 (d) tC^rPt'tOUi^XhiD^C-S 

yu^)iyyxmmti^-mity')::ty&w.nz^^-^ 
40 n, yu:^)iuyxt)m0^^n^. t^is. 5-^y^2\t. 
^mMitm-^—m<Ti^mz^m^n^<r>^xts.<. u 

[ 0 0 2 1 ] *||JSfi«JT-«> 3aM©VX^Tr8®©|ig 
50 ct{rJ:«3i§IS©:*:«i;a:SiJ>5rnItg{c-rs;it*iT^ 



BEST AVAILABLE COPY 



7-191 209 



(4) 



[0 0 2 2] ^zm 

<DSL^=^m7{z^r^o\z<i>tt<-rnit^^K muzid 

\Ziil^xmm^^'Pf£< bTti*. 
[0 0 2 3] ^3m 
(a) 

15 0 

18 



18 (a) (b) 
1^ 5: /'i fc e, L T ?) X >;/ 5^ > y 5: ^ff-r -5 . 



[0 0 2 4] 3:©B#. mjifiw0 5~0 7 ic^-rsss^tjjr 

#J(CJg^-r^<i:5tcl2l^$nTi.i-S>*^\ ^8 (b) (c^ 

[0 0 2 5] m4m 

[0 0 2 6] 

{■^©b. :Ly^y'^\z^r)z.(Dmm^&mzm.^\.X'0i 

'\^9t^m^^m^\^X\^^^<JiX, X>;/5^>i/XS«l [Hi 



20 



[Elffiro^WiUi?^] 

[El] *^?^<DMSi5ia«ST*^. 

[0 2] ^%m<D^mmMmx^^, 
[0 3] j^^BjosauiB^ST*?). 
[El 4] ^mmmmHmm(Dm'^\zi\^^^n^vyx 

[0 5] mmm^mmm(Dm'^izmm^n^uyxm 

^^^■tmx'$)^, 

[0 6] *sSli«{c#.57U;^^;n/>X$iJjixgijig^0-e 
yyx<nm^mx$>^. 

[0 8] (a) «JjD,«i(Cj;Oa^}^l^{Cifi-:?*ltS;^feT 

^•9. (b) \tmm^^x$>^o 
[0 9 ] %^iimz^^wm^m^(Dm7&j:mmmm 

[010] fie3l5fe!c«fCl^S^»/h5t#^^«Si3£XiSi5i?« 
0T*-&. 

[011] u^&mz^ ^m<^^m^<Dmmxmmm 
mx$>^. 



1 mm 

3 #a^7tfflx'-:^3 

4 l^vXhW 
5a ^irovxi' 
5b ^2©-77>i7 

6 l'>XI^^ 

7 7k^;H/>X 
30 11 S% 

12-15 l/ixX hm 
13a ^1 CD-77.i7 
13b ^2<D-7Xi' 
14-16 UvX hVXi7 
1 7 



[04] 



(a) 



\ 






[ N 
1 N 
1 \ 




V 




V 








IN 
1 X 


1 \ 
1 \ 



















BEST AVAILABLE COPY 



(5) 



[01 } 



(Q) 




m2] 



(a) 



{W 




.7(1) 



V7 A 



(a) 




l/A VI V^A VA 



-5b 




[0 5] 




(a) ^aeN^tt^ 



4#l§¥7-191209 

BEST AVAILABLE COPY 

(6) 

-7 u>:^«®xase^0 




[1^7] [m8] 




[^11] 



mm 



' BEST AVAILABLE COPY 



13^7-191 209 



(7) 



imio] 



la) 



•hit 



m 



1 r 



(b) 



"» JL 

(ZZ22Z 



■15 (5 



-f3b 



(0 



-11 



(C) 



